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Introduction
In-firm training is a core component of human capital development. Studies have shown that, although formal education is necessary, fostering the appropriate firm and/or industry specific skills, which complement education through in-firm training, may be of even greater importance (OECD, 2010) . More specifically, in-firm training is often essential for new graduates who have recently entered the workforce and need specific skills suited to their particular job, which formal education may not provide. Moreover, from the empirical evidence there appears to be a disconnect between the skills the formal education system is providing to young people who make up the largest group of new workers moving from secondary school to the work place and what the market requires in Latin America and the Caribbean (Bassi et al., 2012) . The importance of worker skills and training have been emphasized by trade unions, employers and policy makers as a crucial innovative activity in modern knowledge-based economies, which face increasing global competition and rapidly changing technology (Arundel, Bordoy and Kanerva, 2008; and European Commission, 2009) . Additionally, existing workers may need their skills improved and upgraded as the firm introduces new equipment and technology in the production process. The extant literature has shown that firms that engage in innovative type activities are more technologically advanced and have higher labor productivity enabling them to better compete internationally (Schumpeter, 1939; Griliches, 1998; Freeman, 1994; Griffith et al., 2006; and Mairesse and Monhen, 2010) . Further, there is evidence that investment in innovation results in sustainable long-run growth and development of a country (Hall and Jones, 1999; OECD, 2009a; and Rouvinen, 2002) .
Given the importance of in-firm training in the skill development process of workers and firm performance, it may be expected that firms place considerable emphasis on training.
However, many employers are usually hesitant to provide training since the benefits of training are not tangible and the cost may outweigh the benefits if workers can take their skills to other firms (Ismail, Noor and Awang, 2008) . Moreover, small firms in particular may not have the resources to invest in training and may not be able to afford the down time employees require for training. Additionally, despite the importance of in-firm training to firm performance and innovation and productivity, there is limited empirical evidence on in-firm training, particularly in developing countries. Most of the literature on the returns to investment in human capital focuses on formal education and shows that the accumulation of human capital through formal education increases wages, innovation and productivity (Moretti, 2004; Bartel, 1995; and Dearden, Reed and Van Reenen, 2006) . In contrast, there is relatively less evidence on the accumulation of human capital through in-firm training and factors driving in-firm training, and more specifically, on the effects of such training on innovation and productivity.
In Caribbean Small Island Developing States (SIDS), there appears to be insufficient infirm training opportunities for persons in the labor market. Based on existing studies, the incidence of training is considerably lower in most Caribbean islands compared to their larger Latin American counterparts. For example, in Grenada, Trinidad and Tobago, and Haiti only 48 percent, 41 percent, and 51 percent of companies, respectively, provided training, compared to an average of 75 percent for Latin America (McArdle, 2004) . Another factor to consider is that the population of Caribbean countries is rapidly aging due to declining birth rates. Thus, if
Caribbean countries are to meet rapidly changing needs and adopt new technology to increase innovation and productivity, then improvements to the stock of human capital may have to come from skill enhancement of the labor force through in-firm training rather than from entry into the labor force of new generations with higher levels of formal education (McArdle, 2004) .
Nevertheless, there is limited empirical evidence on in-firm training in the Caribbean. This is not surprising given that there are limited data available on training and its link to innovation and productivity, since labor market and household surveys do not capture the relevant information.
There are two main studies on training in the region and both studies place greater emphasis on public finance training programs and formal education rather than in-firm training. McArdle (2004) assessed to what extent governments, the private sector and unions have succeeded in promoting productivity through public support and in-firm training programs as well as reducing constraints to improve efficiency, quality and relevance of the training. Blom and Hobbs (2008) studied education and training in the Eastern Caribbean and made policy suggestions to improve the employability and competitiveness of the workforce. Given the paucity of data on training in the Caribbean, these studies had to rely on disconnected pockets of data from several sources, such as administrative records of training agencies, firm surveys, household/labor force surveys and sectoral analyses conducted by the International Labour Organization (ILO), the Inter-American Development Bank (IDB) and the World Bank (WB).
More recently, however, there have been two firm-level surveys in the Caribbean, which contain information on in-firm training. The World Bank Enterprise Survey (WBES) was conducted in 2010 and Compete Caribbean's Productivity Technology Innovation (PROTEqIN) survey was conducted in 2014. Both surveys attempt to provide a representative sample of an economy's private sector and cover a broad range of business topics and performance measures through face-to-face interviews with top managers and business owners. With regard to in-firm training, both surveys provide data on firms which have training programs, the type of worker that received training, public support for training and obstacles to training. From these surveys, many firms in the Caribbean identified inadequate training of the workforce as one of the biggest obstacles to hiring workers and business operations and performance, and as a major constraint to innovation and productivity. Based on data from the WBES, 35 percent of firms in the region identified worker skills as a major constraint to business operations and, based on the PROTEqIN survey, a lack of job-related skills was a major obstacle for 30 percent of firms surveyed when recruiting new employees and for 41 percent of firms for employee productivity.
The objective of this paper is to fill some of the gaps on in-firm training in the Caribbean, using the WBES and the PROTEqIN survey. Specifically the factors the affect a firm's decision to train workers, public support for in-firm training, obstacles to training and the impact of infirm training on innovation and productivity are investigated. The results suggest that there is a relatively low incidence of training in the region, although there are significant differences across countries, and this may be because of limited public support and several barriers to in-firm training. Additionally, various firm characteristics affect in-firm training, including size, ownership, whether the firm exports, whether the firm is part of a larger organization, whether the firm engages in innovative activity, workforce structure and educational level. Lastly, the findings suggest that in-firm training in the region may play a relatively small role and may even not matter for innovation and productivity.
The paper contains six sections including the introduction. Section 2 is the literature review on in-firm training, innovation and productivity. Details on the methodology and data used are given in Section 3. Section 4 provides the descriptive analysis. Section 5 gives the econometric results. Finally, Section 6 provides the conclusion.
Literature Review

In-firm Training, Innovation and Productivity
A skilled and educated workforce is a key factor for firm innovation and productivity and is critical for a country's long-term economic growth and development (Becker, 1964; Lucas, 1993; and Acemoglu and Pischke, 1998) . Empirical studies generally tend to focus on formal education when investigating the impact of human capital on innovation and productivity.
However, a significant amount of human capital accumulation takes place after an employee enters the labor market through in-firm training to provide workers with industry-specific skills.
In-firm training complements formal education and is probably as important a component of human capital as formal education, or may be of even greater importance, in contributing to innovation and productivity (OECD, 2010) . As a matter of fact, Baldwin et al. (1998) found evidence that a lack of training was an important obstacle to innovation for 22 percent of Canadian firms in the communications sector and 30 percent of firms in the business services sector. Baldwin (1999) additionally found that a lack of training for skilled workers was a major impediment to innovation in over 46 percent of Canadian manufacturing firms.
In-firm training provides companies with many advantages over formal education, enabling them to be more innovative and productive. Firms that offer such training are able to decide on and implement the most appropriate and useful skills required to raise innovation and productivity of their workforce. Firms that offer training have employees who can better cope with, and adapt to, fast-changing consumer demand and technology (Bartel and Lichtenberg, 1987) . In-firm training increases workers' productivity above their wages, and this benefits the firms (Acemoglu and Pischke, 1999) . Furthermore, training guarantees worker access to the latest information and knowledge, thereby increasing the firm's propensity to innovate and, as a result, increases its productivity (Bauernschuster, Falck and Heblich, 2009 ).
In-firm training may be firm-specific or general in nature (Becker 1964) : general training provides a worker with skills that are equally applicable in other firms, while firm-specific training leads to skills that are lost when the trained worker leaves the firm that provided training. Most firms provide and pay for training that is general in nature, although firm-specific training may be more beneficial (Acemoglu and Pischke, 1998) . Training may also take the form of job-related skills, personal development or academics. The modality of training may take the form of on-the-job or apprenticeship training, where the worker learns in his/her actual work environment, and classroom training, where training takes place in a classroom setting through seminars, conferences, workshops and short courses. On-the-job training however, has been shown to have a larger impact on innovation and productivity (Dostie, 2013; Zwick, 2005; Barrett and O'Connell, 2001; Black and Lynch, 1996; and Pischke, 2005) .
Firms may use internal staff to carry out training or external consultants and training institutions. In a study on Canadian firms, Baldwin, Gray and Johnson (1997) found that training programs are more likely to be done in-house when a firm is more advanced and has its own R&D facility, when it is foreign-owned, or when it develops its own technologies. In another study on Canadian firm,s Baldwin and Peters (1999) demonstrated that innovative firms that used advanced technologies are more likely to use on-the-job or other forms of in-house training than non-technology users. Also, in-firm training costs may be covered by the firm, workers or government or a combination of the three.
In the literature there are numerous factors which affect in-firm training. According to Long et al. (1999) these factors can broadly be divided into job characteristics (occupation, hours worked, part-time versus full-time employment and wages); employee characteristics (age, gender, ethnicity, socio-economic status, education, skill, union membership and motivation); firm characteristics (size, age, ownership, exporter, sector, educational level of workforce and human resource and innovation policy); and macroeconomic and political factors (national unemployment rates, a country's income, government training policy, government assistance for training and public sector training programs). Several studies have looked at these factors using data from developed countries including Long et al. (1999), Blundell, Dearden and Meghir (1996) , Groot (1997) and OECD (1999b) . These studies have found that large firms operating in high-technology sectors with highly educated workers are more likely to have training programs.
Studies on developed countries have also found that manufacturing firms are more likely to invest in training than service firms since manufacturing firms often purchase new equipment and develop new technologies which may require employee training in new skills (Konings 2008 ). On the other hand, Baldwin (1999) found that training in the services sector is also important, as human resources are critical to a firm's success and innovation relies less on new capital and more on new skills.
Innovative firms are also likely to have higher levels of in-firm training. Baldwin and Johnson (1996) reported that innovative firms that introduce new products and processes place a larger emphasis on training and generally have higher sales and profit, and Johnson, Baldwin and Hinchley (1997) found that 80 percent of firms that report a product or process innovation have a formal training program. Skill shortages and, consequently, training are generally higher in firms that are more innovative. It is no surprise, then, that the need for training often arises during the innovation process. Baldwin and Da Pont (1996) reported that over 50 percent of innovative firms in the manufacturing sector experienced an increase in their skill requirements as a result of innovation, in particular for the adoption of new technology and equipment. The results of the study also indicated that firms that develop more novel innovations are more likely to require training than those that introduce imitative innovations. Additionally, and Baldwin, Sabourin and Rafiquzzaman (1996) reported that a lack of training was identified as the second most important impediment to technology adoption in manufacturing plants after capital cost and that 39 percent of technology users indicated that either a shortage of skills or training difficulties provided a significant impediment to the introduction of advanced technologies, while 25 percent indicated that skill shortages was the most important impediment. Baldwin, Gray and Johnson (1997) also reported that manufacturing firms that adopt new technologies experience a substantial increase in their training costs.
The level of in-firm training may also affect firm innovation and productivity. Ballot et al (2001) , in a study of French and Swedish firms found that in-firm training has a positive impact on productivity. Böheim, Schneewis and Wakolbinger (2009) showed that training has a positive productivity elasticity of 0.04 in Austrian firms. Konings (2008) studied 13,000 Belgian firms and concluded that trained workers are more productive and on-the-job training increased productivity by 1-2 percent. Further, the average output for workers with training is 23 percent higher than those without (Konings and Vanormelingenz, 2009 ). Groot (1999) found that the elasticity of productivity of training increased by 0.12 for a 140-day training course. Bishop (1994) found that workers who received training from their previous employers were 16 percent more productive. Bartel (1994) estimated that United States (US) firms that provide training programs increased their productivity by 19 percent. Cassidy, Görg and Strobl (2005) found that training increased domestic firms' productivity in Ireland. Ichniowski, Shaw and Prennushi (1997) showed that training improved productivity in US steel mills when combined with a variety of complementary human resource practices.
In a study of 1,900 Danish firms, Laursen and Foss (2003) showed that in-firm, as well as external training positively influences the firm's ability to innovate. Similarly, Zhou, Dekker and Kleinknecht (2011) found evidence that training has a positive impact on firm innovation in the Netherlands and contributed positively to new product sales. Gallié and Legros (2012) used data for 1,000 French firms and found that training has a positive impact on product innovation and patenting activities. In a study of German firms over the period 1997 -2001 , Bauernschuster, Falk and Heblich (2009 concluded that a 10 percentage-point increase in training intensity translates into a 10 percentage-point increase in the firm's propensity to innovate. Gonzàlez et al. (2012) employed panel data of 10,000 Spanish manufacturing firms for the period 2001-2006 and found that training has a significant positive effect on firm innovation and complements R&D.
There are few studies on in-firm training in developing countries. Tan and Batra (1996) used firm-level data from Colombia, Indonesia, Malaysia, Mexico and Taiwan to investigate training incidence and its impact on productivity. The findings suggest that firms are more likely to train workers when they are large, employ an educated and skilled workforce, invest in R&D and technology licenses, emphasize quality control methods, have foreign capital participation and export to foreign markets. Furthermore, training was found to improve productivity.
However, a large and significant impact of training on productivity was found for skilled workers but not unskilled workers, and for internal formal training rather than external training.
Van Uden, Knoben and Vermeulen (2014) examined whether the human capital stock of firms and their human resource practices, including in-firm training, positively affected innovative output in Kenya, Tanzania and Uganda using data from the WBES. In-firm training was found to increase the likelihood of a firm being innovative from 23 percent to 47 percent.
There are some limitations to the above studies which examine in-firm training, innovation and productivity. These studies are generally unable to calculate the rate or return on investing in training because of the absence of data on training expenditure and because findings are limited to productivity impacts (Bartel, 2000) . In addition, without data on training expenditure it is difficult to compare benefits against costs. Further, the extent to which the results can be interpreted as true productivity impacts depends on the authors' success in correcting for endogeneity, that is, the firm's performance level influences its decision to invest in training, and in some cases the productivity impacts may disappear after endogeneity is corrected. In particular, the cross-sectional approach is unable to address the endogeneity problem. The use of cross section data are generally not best suited to study cause and effect relationships but assess the significance and intensity of the correlation relationships between the main variables of interest. Further, in studies which use panel data in an attempt to take account of endogeneity the system of equations may not be properly identified (Bartel, 2000) . Variables that are used in the training equation and eliminated from the productivity equation could arguably belong to the productivity equation also. The results of this misspecification would be an overestimation of the true effect of training on productivity.
Caribbean In-firm Training, Innovation and Productivity
There are very few empirical studies on in-firm training, innovation and productivity in the Caribbean. This may be a consequence of the paucity of data available on training and its link to innovation and productivity since labor market and household surveys do not capture the relevant information. Existing studies rely on disconnected pockets of data from several sources such as administrative records of training agencies, firm surveys, household/labor force surveys and sectoral analyses conducted by the International Labour Organization (ILO), the InterAmerican Development Bank (IDB) and the World Bank (WB). These studies have examined training in the wider context of human capital development through formal education and public sector training programs together with in-firm training. Márquez (2002) , in a study of training in Latin American and the Caribbean (Belize, Dominican Republic, Haiti and Trinidad and Tobago), stated that the proportion of firms in the region that train workers, firm characteristics and the type of worker that receive training are not very different from developed countries when compared to the United States and Canada. The study found that 3 out of 4 firms train employees and firms that have recently introduced a product or process innovation are about 30 percent more likely to train workers. In terms of factors affecting training, firms in the services sector are more likely to train workers. Also, large firms are more likely to have training programs. Additionally, foreign firms are more likely to have training programs than local firms. Older, more established firms were more likely to train employees, but this factor was minor relative to others. The study also found that family-owned firms are less likely to train workers than professionally run companies. When looking at the type of worker that receives training, more educated and skilled workers were more likely to receive training.
In another study McArdle (2004) showed that an average of 67 percent of firms provided training in the Caribbean (Trinidad and Tobago, 41 percent; Haiti, 54; Dominican Republic, 85 percent; Belize, 65 percent; and Jamaica, 90 percent) compared to an average of 75 percent for Latin America. The paper also compared public sector training programs and in-firm training in the Caribbean and found that training in firms is short term and linked mainly to work routines and tasks when compared to public sector training programs. Furthermore, McArdle (2004) found that the public sector training programs in various Caribbean countries involve close collaboration with firms and even training in firms and may be jointly funded by firms and governments. In a study of the Eastern Caribbean islands (Antigua and Barbuda, Dominica, Grenada, Montserrat, St. Kitts and Nevis, St. Lucia and St. Vincent and the Grenadines), Blom and Hobbs (2008) concluded that the population was rapidly aging because of falling birth rates and future improvements in human capital have to come from enhancing the skills of the labor force rather than from new generations entering the labor force with higher education levels. Training for the Eastern Caribbean is also important for innovation and productivity in order for workers to keep up with rapidly changing technology, particularly low and medium-skilled workers. However, the study concluded that there are inadequate training opportunities in the Eastern Caribbean.
The report found that training in these islands was lower than in most Latin American and other Caribbean countries. For instance, in Grenada only 48 percent of firms provided training, compared to an average of 75 percent in Latin America. The report concluded that there is significant potential for training and the government could help through policies and funding and the private sector and trade unions also have an important role to play. In addition, several factors affect in-firm training including sector, firm size, domestic versus foreign ownership and the skill level of workers.
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The study by Blom and Hobbs (2008) listed several reasons for the low level of training and obstacles to training in the Eastern Caribbean and stated that these factors are similar to factors in larger countries. However, according to Blom and Hobbs (2008) the combined effect in an economy that is small, and thus has many small companies, and that has no formal recognition of training suggests a relatively lower incidence of training in the Eastern Caribbean than elsewhere. Micro and small firms stated that problems identifying training needs, locating training providers, finding the time or replacements and undertaking the paperwork to receive public subsidies as important hindrances to in-firm training. Given that most firms in the Eastern Caribbean are relatively small, overcoming these obstacles is important. The small size of the training market was found to be another key obstacle. Each country has individual trainers, but there are no firms that specialize in training for the private sector compared to larger countries since there is not enough demand for in-firm training. Blom and Hobbs (2008) stated that there is some poaching of skilled workers and migration abroad after workers have been trained. Another major barrier is the formal recognition of training and its applicability in Eastern Caribbean countries. The value of training depends on whether training is recognized and the learned skills are transferrable to other firms. There has, however, been some improvement as the Caribbean Vocational Qualification (CVQ), established in 2007, now formally recognizes job training in Caribbean Community (CARICOM) countries and sets occupational standards.
There are also studies on training for individual countries in the Caribbean. Ashton (2000) found that in Barbados larger firms are more likely to provide training: 66.5 percent of larger firms trained workers, compared to 40.4 percent of small firms and 55.8 percent of medium firms. The study also examined the modality of training. The results showed that 98 percent of firms surveyed that carried out training used on-the-job training, 65 percent conferences, 64 percent formal education, 62 percent coaching, 49 percent video training and 34 percent computer-based training. Furthermore, the study reported that 94 percent of the total firms surveyed that conducted training supported external courses, 91 percent supplied books and manuals, 80 percent hired consultants to conduct training and 47 percent invested in internal training. In addition, the study found that over 60 percent of firms provided employees with 5 days of training annually, and this figure was higher (70 percent) for firms in finance and public administration. Half of the firms that provided training led to formal qualification for managers, professional and white collar workers, but only 27 percent for manual workers. Among larger firms, however, 53 percent of firms provided training with formal qualifications for manual workers and 49 percent for managerial staff. Lastly, the majority of in-firm training is determined by requests from supervisors (74 percent of the time) rather than from formal training needs analysis such as business plans (49 percent) or training audits (32 percent).
A World Bank study in 2001 by the Jamaica Employers' Federation (JEF) surveyed 70 public and private sector institutions on training. The study found that over 90 percent of firms provided training, 84 percent of firms reported sending workers on short courses, 80 percent sent employees to conferences and seminars, 38 percent supported long-term formal training and 28 percent provided apprenticeship training. Further, over 90 percent of firms surveyed provided opportunities for employee upgrading to complement existing skills rather than to compensate for deficiencies. The most common areas for training were basic and advanced job-related skills, although there was some emphasis on personal development and academics. The most common skills for which training was provided were technical, team work, computing, and problemsolving. Although foreign language was identified as an important shortcoming, few firms provided this type of training. Firms generally rely on internal training provided by persons employed by the organization than by external trainers. However, for academic training external persons were more frequently used. From the survey, 80 percent of firms were satisfied by their investments in training. Blank and McArdle (2003) surveyed 99 private firms in addition to using the JEF survey and also found that training in Jamaica was substantial. Moreover, firms undertook a significant share of training costs, as 65 percent of the firms indicated that they fully subsidized the costs of training and less than 10 percent of firms had employees finance 50 percent of the cost. Surprisingly, smaller firms were more likely to provide fully paid training, while larger firms were more likely to partially subsidize training. Firms provided various types of employee development, and the most common was on-the-job training, followed by conferences, seminars and short courses. Based on both surveys, approximately 40 percent of firms did not have formal training policies and training plans. Furthermore, companies that did not have a formal training policy were unlikely to have training plans. Additionally, based on the JEF formal training assessments were carried out in only half of the firms surveyed.
Methodology and Data
This study examines in-firm training in 14 Caribbean SIDS using descriptive and econometric analyses. Two sources of data are used: the WBES, which was conducted in 2010, and the PROTEqIN survey, which was carried out by the IDB, in collaboration with Compete Caribbean in 2014. The WBES collects data in every region of the world and uses a standardized survey instrument and a uniform sampling methodology to minimize measurement error and to collect data that are comparable across countries. The sampling methodology generates samples appropriate to benchmark the investment climate of individual countries and to conduct firm performance analyses. It also ensures that the sample is representative of the non-agricultural sector, that is, manufacturing and services. Moreover, sample sizes are large enough for selected industries to conduct robust statistical analyses. The samples are stratified by industry (proportion of businesses) and size (average sales per industrial sector). The PROTEqIN survey was the first of its kind conducted for the Caribbean only, as a follow-up to the WBES. The sample was also stratified by industry and size. It targeted firms used in the WBES in 2010 but in some instances drew additional firms. PROTEqIN includes a number of questions contained in the WBES but also contains a significantly larger number of variables, some of which are related to in-firm training. Most of the questions of interest in both surveys have relatively high response rates. However, in some cases, the PROTEqIN survey offers more complete data. Nevertheless, the main variable of interest used in the econometric analysis, which is whether the firm ran training programs, has a high response rate from both surveys. Other variables, such as the proportion of skilled versus unskilled production workers that received training, government support for in-firm training and obstacles to in-firm training had relatively lower response rates and were only used in the descriptive analysis.
The use of both surveys allows for better data availability on the variables of interest since one survey may contain a high level of non-response for certain variables or may not have the variable at all. The use of both surveys also allows for cross-checking the results against each other. Both datasets are a firm-level survey of a representative sample of an economy's private sector: each covers a wide range of concerns and these are not limited only to concerns about training, innovation and productivity. The survey was administered face-to-face by private contractors to business owners and top managers. The dataset was used to construct variables related to in-firm training, product and process innovation as well as control variables such as firm size, age, whether the firm is part of a larger establishment, ownership and exporter/nonexporter. The in-firm training variables include whether the firm had training programs, the proportion of skilled versus unskilled workers that received training, whether the firm received public support for training and reasons for not running training programs.
The descriptive analysis is based on the use of summary statistics of key variables, from which stylized facts on training in Caribbean SIDS may be drawn. The descriptive analysis examined the factors affecting in-firm training in the Caribbean, the type of worker more likely to receive training and public support and obstacles to in-firm training. The econometric analysis looked at the factors affecting in-firm training in the Caribbean a well as the effect of training on innovation and productivity.
To investigate the factors affecting in-firm training, a probit model is used: the dependent variable is a binary variable indicating whether the firm ran a training program or not.
The independent variables are firm size, age, whether the firm is part of a larger organization, type of ownership (foreign or local), whether the firm is an exporter or not, whether the firm has a R&D department or not, workforce structure (proportion managers and other professional staff and the proportion of skilled production workers), and workforce education level.
To estimate the probit model, let i=1,....,N. represent an index of firms: 
where Training is a binary variable equal to 1 if the firm ran a training program and 0 otherwise; size is measured by the number of workers employed; age is measured by the number of years the firm has been in operation using four categories: newly established firms (≤10 years), young firms (11-20 years), established firms (21-50 years) and well established firms (> 50 years); part is a dummy variable equal to 1 if the firm is part of a larger organization; ownership is a dummy variable equal to 1 if the firm is foreign owned, export is a dummy variable equal to 1 if the firm exports, R&D is a dummy variable equal to 1 if the firm has a R&D department; education measures the proportion of the firm's workforce that has at least a degree; skilled_production is the proportion of skilled production workers relative to the firm's workforce; non_production is the proportion of non-production workers relative to the firm's workforce, which includes management and other professional staff; and ε is the error term. The model also includes country and industry dummy variables.
In the literature the impact of R&D on innovation and productivity is commonly modelled using an econometric model by Crépon, Duguet and Mairesse (1998) , also referred to as the CDM model, where the innovative effort of the firm increases innovation, which in turn increases productivity in a recursive equation system. The model is often extended to include a range of innovative activity besides R&D such as firm spending on training, along, with other inputs related to labour productivity (Griffith et al., 2006; and Crespi and Zuniga, 2012) . The model is a system of equations that link the firm's innovative activity and expenditure to its innovation output, and its innovation output to productivity. The first step investigates whether or not the firm decides to perform R&D and other innovative activity and the level of investment they are prepared to spend. To correct for potential selectivity bias a Heckman selection approach is used. This is followed by the knowledge production function equation, which links innovative activity to innovation output and a Cobb-Douglas production function is estimated that links innovation to productivity. Importantly one should note that the CDM model allows for arbitrary correlations among the error terms and innovative activity is endogenous in the innovation equation, and innovation output is endogenous in the productivity equation. Mohan, Strobl and Watson (2014) have applied the model to Caribbean SIDS in studying innovation and productivity. Training was however not taken into account. In the case of this study, the WBES and the PROTEqIN survey do not provide information on the amount a firm spends on training and we are unable to perform the Heckman selection. The innovation decision of the firm is therefore modelled as whether the firm ran a training program or not and we used a reduce form CDM model. In the reduced model, the first equation explains training on innovation performance in a linear probability model in which firm innovation is determined by whether the firm ran a training program and other determinants of innovation performance are included as control variables. The second equation explains labor productivity using, as explanatory variables, innovation and training intensities: it is really a knowledge production function, which relates innovation output to innovation input and other factors. As such, the model summarizes the process from the firm's decision about whether to carry out workforce training and the impact of such on innovation and productivity.
In the reduced form CDM model we are not able to do the Heckman selection equation.
This leads to problems of selectivity and simultaneity bias, and unfortunately the nature of the data does not allow us to address this issue. Selectivity bias is likely to exist since the sample is limited only to firms which are engaged in innovative activities and such a sample cannot be considered to be randomly drawn and thus does not represent the entire population. Simultaneity bias arises since firms that do in-firm training are also those that spend more on training and do so because they spend more on innovation in general, and/or there are other factors that affect infirm training and innovation expenditure for which we do not have data (for example, manager quality) but which not only affect innovation but also training. Furthermore, firm-level innovation in itself can lead to or require training (for example new software). Thus, the real impact of training will be lower than previously estimated. Here we have to assume that we have enough covariates to control for these concerns. Nevertheless, in the end the results must be viewed with caution.
The model is estimated in two steps. In the first step, firm-level innovation performance is explained in a probit model by variables related to in-firm training and other variables that can affect innovation.
Let i=1,....,N. represent an index of firms, the first equation to be estimated is:
where TI is a binary variable measuring knowledge outputs from the firm's innovative activity (it is equal to 1 if the firm introduces a new product or service), T is a dummy variable equal to 1 when the firm ran a training program, x is a vector of other determinants of knowledge production, (γ,δ) are vectors of parameters of interest, and u an error term. The other determinants of innovation included are firm size, ownership, exporter/non-exporter, whether the firm has a R&D department and industry and country dummies as defined previously.
In step 2 of the estimation, equation (3) below is the output production function/productivity equation, which links the firm's innovation output to productivity by including it as an input in an augmented Cobb-Douglas production function. The equation is estimated using the predicted values of TI from the probit model in the first step since it controls for selection in training and therefore accounts for endogeneity of the innovation output variables. Firms produce output using constant returns to scale production function with labor, capital, and knowledge inputs as follows:
where output y is labor productivity (log of sales per worker); k is the log of physical capital per worker (proxied by physical investment per worker); and v is the error term.
Descriptive Analysis
Incidence of In-firm Training
Both the WBES and PROTEqIN survey asked the same question in terms of measuring the incidence of in-firm training: "In the last fiscal year, did the establishment run formal training programs for permanent, full-time employees?" Additionally, the PROTEqIN survey mainly targeted firms that were covered in the WBES, although in some instances it surveyed additional firms. Both the WBES and PROTEqIN survey samples are stratified by industry and size. This section therefore presents the results using one of the dataset only in cases where appropriate and highlights the differences and similarities between both. 
Factors Affecting In-firm Training
The descriptive analysis focuses on the factors likely to be affecting the firm's decision to undertake training of its employees in the Caribbean, and also at the more disaggregated country, sector and firm level. This is important in generating different stylized facts for the region and allowing for comparisons to be made with other countries. Firm training may be related to GDP per capita. It may be argued that a country with a higher GDP per capita has more resources to invest in human capital development and potentially provides more training to its workers. On the other hand, a country where in-firm training is more easily available often has higher production levels and therefore higher GDP per capita than a country that does not offer training.
In Figures 2 and 3 Next we examine in-firm training by economic sector. In order to look at the extent to which in-firm training differs with respect to economic sector two different levels of aggregation are used, manufacturing versus services and the 18 sector classification used by both surveys. In the literature it is generally expected that firms in the manufacturing sector are more likely to provide in-firm training than firms in the services sector (Konings, 2008) . This is an important factor to consider for the Caribbean given that it has a relatively large services sector. Looking at manufacturing versus services firms in the region, there appears to be an almost equal proportion of firms in both sectors that ran training programs in 2010 and in 2014 based on the WBES and PROTEqIN survey respectively ( Figure 5 ). Thus, in-firm training in the Caribbean may not necessarily occur more in the manufacturing than services sector. Blom and Hobbs (2008) also reported that in Grenada training in tourism and manufacturing were almost equal, while Márquez (2002) found that services firms in the region were 5 percent more likely to train workers than manufacturing firms.
We now consider the 18 sector industry classification. The relationship between the percentage of firms that provided training and economic sector is very heterogeneous suggesting that sector may be a relevant factor in determining in-firm training in the Caribbean. For instance, the WBES shows that electronics had 78 percent of firms offering training and basic metals had only 22 percent (Figure 4 ). Long et al (1999) , Blundell et al. (1996) , Groot (1997) and OECD (1999b) 
WBES (% of firms offering training)
The relationship between firm-level characteristics and in-firm training is also investigated (shown in Figure 5 ). More specifically, we study whether firm size is important in determining in-firm training. Firm size was measured by the number of workers employed and three groups were used: small firms (<20 employees), medium firms ( Table 1 illustrates the descriptive statistics for the workforce composition for firms that introduced training programs and firms without training programs. The workforce categories consist of the proportion of mangers, the proportion of skilled production workers and the proportion of unskilled production workers. The data comes from the PROTEqIN survey only since the WBES has many missing values for these variables. Table 1 The proportion of managers for firms that train workers is only 1 percent more than the proportion of firms that do not train workers. The proportion of managers may therefore not be important in influencing a firm's decision to train workers. The mean for the proportion of skilled and unskilled production workers is higher for firms that train workers (30 percent and 20 percent, respectively) than firms that do not (26 percent and 16 percent, respectively). A higher proportion of production workers may therefore increase in-firm training. If a firm stated that it ran a training program the firm was asked what percentage of production versus non-production workers received training. The PROTEqIN survey shows that the mean for the proportion of production workers (skilled and unskilled) that received training (11 percent) was lower than the proportion of non-production workers that received training (14 percent). The descriptive statistics therefore gives an unclear picture on whether the share of non-production workers may positively affect in-firm training. Blundell, Dearden and Meghir (1996) , Groot (1997) and OECD (1999b) found that education increases in-firm training in developed countries. innovation may require that employees be trained. Studies from developed countries also show that innovative firms are more likely to have higher levels of in-firm training (Baldwin and Johnson 1996; Baldwin and Da Pont, 1996; and Johnson, Baldwin and Hinchley, 1997) . 
Public Support and In-firm Training
We now look at public support and in-firm training in the Caribbean. In both the WBES and PROTEqIN survey firms are asked whether they received any public support (financial or other types of assistance) for in-firm training related activities. Lastly, firms that export were more likely to receive public support for training than firms that do not (29 percent of exporters and 24 percent of non-exporters). A n ti g u a a n d B a rb u d a S t. V in c e n t a n d th e G r e n a d in e s G r e n a d a J a m a ic a G u y a n a S u ri n a m e B e li z e WBES PROTEqIN Survey 
Obstacles to In-firm Training
The We consider the reasons for not running training programs by country shown in Figure 9 to determine which countries were most negatively affected by obstacles to training. The barrier "the firm cannot afford the optimal training costs" most negatively affected firms that did not train workers based on the WBES in Jamaica (21 percent 
Econometric Results
Factors Affecting In-firm Training
To determine the factors which affect in-firm training the study used a probit model with a yes/no dependent variable on whether the firm carried out training programs. Various independent variables based on data availability are included. They are firm size, age, whether the firm is part of a larger organization, foreign ownership, whether the firm exports, whether the Both data sets give similar results on the factors affecting in-firm training in the Caribbean. All independent variables were significant except age. Márquez (2002) through econometric analyses found that age was a minor factor relative to the other firm characteristics for Latin America and the Caribbean and positively impacted in-firm training by 0.1 percent.
From the results, larger firms are 12 percent more likely to train workers from the WBES and PROTEqIN survey. Studies on developed countries have also econometrically shown that larger firms are more likely to have training programs (Long et al., 1999; Blundell, Dearden and Meghir, 1996; Groot, 1997; and OECD, 1999b) . Further, the econometric results show that firms in the Caribbean that are part of a larger organization are 11 percent more likely to have training programs than firms that are not part of a larger organization based on both surveys.
Firms that export are 6 percent (WBES) and 9 percent (PROTEqIN survey) more likely to train workers in the Caribbean than firms that do not export. Foreign ownership positively affects in-firm training, and foreign-owned firms are 7 percent (WBES) and 6 percent (PROTEqIN survey) more likely than local firms to have training programs in the region.
Márquez ( Looking at the results from the PROTEqIN survey the proportion of non-production workers which includes managers and other professional staff does not affect in-firm training in the Caribbean. A firm with more managers may therefore not necessarily result in more training for workers. The coefficient for proportion of skilled production workers is however significant and positive. Firms in the Caribbean with a higher proportion of skilled production workers are more likely to run training programs, although the coefficient is relatively small. This is similar to the findings of Blom and Hobbs (2008) for the Caribbean where skilled workers are more likely to be train than unskilled workers. Alternatively, in a study of firm training in Latin America Eberhard et al. (2017) found a considerable amount of training was aimed at nonproduction workers, and this may be explained by the main reasons firms in Latin America carry out training. In a survey of firms in Chile, the study found that firms carry out training mainly to comply with international standards and hygienic or hazardous regulations, while increasing productivity was listed as a third reason. Perhaps Caribbean firms are less concerned with international standards and other regulations compared to Latin American firms, particularly since they are less likely to export. Notes: (1) Coefficients reported are marginal effects. (2) Robust standard errors in parentheses. (3) * Coefficient is statistically significant at the 10 percent level; ** at the 5 percent level; *** at the 1 percent level.
In-firm Training, Innovation and Productivity
To study the effect of training on innovation and the effect of innovation on productivity we utilized the adapted two equation CDM model since we do not have the amounts spent on training. To study the impact of training on innovation we first estimated a probit model where the dependent variable is whether the firm introduced a product or process innovation and the independent variables include training and firm characteristics as well as sector and country dummy variables, and secondly we included other innovative activity through a dummy variable for whether the firms has an R&D department. Table 4 , column 1, presents the coefficients for the marginal effects estimated using a probit model without other innovative activity, and column 2 shows the results with other innovative activity using the PROTEqIN data. 3 The results
show the estimates of the knowledge production function and give the impact of training along with other variables on the probability of technological innovation, that is, the introduction of a new product or process.
Accordingly, the results in column 1 suggest that training is positively correlated with innovation and that a firm that provides training programs is 6 percent more likely to introduce a new product or process. A firm that is large and a firm that exports is also more likely to innovate, while foreign ownership does not increase innovation. Similar results on firm innovation in the Caribbean were obtained by Mohan, Strobl and Watson (2014) . In column 2, however, when we add the dummy variable on whether the firm has a R&D department the training coefficient becomes insignificant, while the coefficient for the R&D dummy variable is large and significantly positive. The coefficient suggests that firms with an R&D department are 68 percent more likely to have a product or process innovation. The coefficients for firm size and exporting are again significant and positive. These results may suggest that, when taking into account other determinants of innovation, it is really other innovative activity, in this case having an R&D department, that is driving innovation, and thus the relationship between training and innovation is spurious. This may indicate that training plays a relatively small role and may not matter for innovation in the Caribbean.
In studying the impact of innovation on productivity Table 5 shows the results of the productivity equation, where the coefficients are reported as elasticities or semi-elasticities since the dependent variable is the log of sales per employee. Here we find that training does not have a significant effect on productivity. Also, innovation does not have a significant effect on labor productivity. However, non-technical innovation has a positive and significant effect on labor productivity. One may more generally, however, want to be careful in reading too much into these results on training, innovation and productivity, as our estimates do not account for selection bias and endogeneity. Notes: (1) Bootstrapped standard errors in parentheses (100 replications). (2) The variable used to proxy for physical capital is investment made during the period considered the stock of physical capital. (3) * Coefficient is statistically significant at the 10 percent level; ** at the 5 percent level; *** at the 1 percent level.
Conclusion
This study attempts to fill the gap on the extent and impact of in-firm training in the Caribbean using the WBES 2010 and Compete Caribbean's PROTEqIN survey 2014. It provides empirical evidence on the factors that correlate with a firm's decision to train workers, public support for in-firm training, obstacles to in-firm training and the effect of in-firm training on innovation and productivity. The paper shows that the incidence of training in the Caribbean is relatively low compared to Latin America, although there is significant heterogeneity across countries. While the region is comprised mainly of non-innovative, small, locally owned firms that are not part of a larger organization and do not export, the regression results show that larger firms, foreign owned firms, firms that are part of a larger organization, firms that export and innovative firms are more likely to train workers. Additionally, the study shows that many firms in the region have identified several obstacles to in-firm training, including that the firm cannot afford the optimal training costs, the benefits of training are smaller than the costs, the firm is afraid that workers leave after training and the firm does not have information about training programs.
Furthermore, the data show that firms in the region reported very limited government support for in-firm training activity.
Given that the Caribbean is made up mainly of firms that are less likely to train workers, that is, small firms that are locally owned and are not part of a larger organization and do not export, accompanied by various barriers to in-firm training and limited government support, these factors may account for the relatively low levels of in-firm training in the region. Also, the findings suggest that in-firm training in the region may play a relatively small role and may even not matter for innovation and productivity. The relatively low level of training in the Caribbean may be responsible for this small and perhaps non-existent role of in-firm training on innovation and productivity. However, importantly, better-quality data would be necessary to argue so more conclusively.
More generally, however, there is clearly significant potential to increase in-firm training in the Caribbean. Given the evidence in the wider literature that in-firm training enables workers to acquire new skills and higher wages and leads to an increase in innovation and productivity, government policy in the Caribbean should place significant emphasis on increasing the incidence of in-firm training. Since certain types of firms are less able to provide training government policy should place special focus on these firms as well as the obstacles to in-firm training identified. Our results concerning the lack of effect on training on innovation and productivity might also indicate that training may not be as efficient as in other regions.
However, these results must be viewed with caution, as they do not account for selection bias and endogeneity.
